Results of the angular coefficients measurement with the Drell-Yan muon pairs at 8 TeV are presented. A0 through A4 coefficients were measured in bins of muon pair transverse momentum and rapidity using the Compact Muon Solenoid (CMS) data collected during the first Large Hadron Collider (LHC) run (Run 1) in 2011 and 2012 corresponding to 19.7 f b −1 . No deviations from the Standard Model (SM) predictions observed within uncertainties in the leading and next-to-leading orders.
Introduction
Nowadays, most of the particle physics phenomena can be can be successfully described by the Standard Model. During last few decades experimental data confirm the validity of this theory and its predictive power. However, despite the lack of refutations of the SM predictions and their high accuracy and also the discovery of its last cornerstone -the Higgs boson, the SM has a number of internal flaws and unsolved problems such as the problem of energy scales hierarchy, presence of dark matter in the Universe, an unclear mechanism of CP-violation, the lack in the SM of gravitational interactions, many free parameters, etc. These circumstances lead to the conclusion that the SM is not a definitive theory and to solve these problems we should go beyond the SM i.e. build a more general theory. To date, many theoretical scenarios that allow expanding of the SM and solving the problems described above with some success have II Trans-Siberian School on High Energy Physics IOP Conf. Series: Journal of Physics: Conf. Series 1337 (2019) 012009 IOP Publishing doi:10.1088/1742-6596/1337/1/012009 2 been developed. Thus, some of them predict production of new particles not observed yet and the appearing of other new physics effects at high interaction energy. For this reason, physics studies at accelerator complexes like Large Hadron Collider (LHC) are particularly relevant.
To verify the validity of the SM at large energy scales, as well as to search for new physics beyond Standard Model, a global program of experimental research is being carried out at various accelerator complexes [1] [2] [3] . In particular, with the Compact Muon Solenoid (CMS) [4] -one of two multi-purpose experiments at the Large Hadron Collider. The traditional trend for this experiment is the study of lepton pairs production in the processes of a quark-antiquark annihilation via gauge boson exchange qq¯ → γ ⋆ /Z 0 → l + l − (Fig. 1 ) -the Drell-Yan process [5] , to which this paper is devoted.
This kind of processes is interesting to study at the LHC accelerator for a number of reasons: to check SM predictions and to increase the DY cross section measurement accuracy. At present Theoretical calculations of the DY cross section are carried out at the next-to-leading (NLO) and next-to-next-leading (NNLO) orders of perturbation theory and reach an accuracy of ∼ 2−4% at the Z-boson mass region (∼ 90 GeV/c 2 ) [?], so a comparison of the predicted values with those measured in the experiment allows us to test our knowledge about the Drell-Yan process nature and to search for deviations from the SM predictions, as well as stimulates further calculations with perturbative QCD theory. Also this process has a simple experimental topology (signature) -two isolated leptons with large transverse momentum at the final state. Such a topology of events provides both high efficiency of lepton pair registration and reliable suppression of background events. The large accumulated statistics makes it possible to measure the differential cross sections for the muon pairs production in Drell-Yan process with high accuracy and to study their angular distributions depending on the rapidity and invariant mass of dimuons. Also the Drell-Yan process is used to estimate the technical performance of detector systems(energy resolution, efficiency of leptons reconstruction and identification).
Thus, measurements of the Drell-Yan process characteristics (cross sections, angular distributions and spatial asymmetry of particles in the final state) [7, 8] are very important for the implementation of various studies within the framework of the LHC physical program. Also this process is an important background source for processes of t-quark pair and gauge bosons production as well as Higgs boson decay to 4 leptons [9] . This paper gives a brief overview of the main results obtained in the DY Angular Coefficients study. 19.7 f b −1 of data collected by CMS in 2011-2012 during the first stage of the LHC operation (Run 1) at 8 TeV was used.
Angular Coefficients
An important direction in the Drell-Yan process studies is the angular coefficients measurements. It allows to extract information about QCD higher orders effects and about proton polarisation influence on the process cross section. This coefficients appear in the equation for the doubledifferential cross section at the leading order of the perturbation theory looks as follows:
where θ * and ϕ * are the azimuthal and polar angles in the Z-boson rest frame (in this case the Collins-Soper frame [11] ) and the coefficients A i are functions of the kinematic variables of Z-boson (q T , y, M ). The coefficients A 0 and A 2 are related to the longitudinal and transverse polarisation of the Z-boson respectively, A 1 to their combination, whilst A 3 and A 4 are also sensitive to the V-A structure of the muons couplings.
for qg Compton process which dominate in Drell-Yan processes in protonproton collisions at high q T region. The relation A 0 = A 2 is called Lam-Tung relation [12] and associated with rotational invariance. The first unambiguous indications of violation of this relation (non-zero difference between A 0 and A 2 ) with an increasing of Z-boson transverse momentum q T were obtained as early as 1988 by the NA10 experiment (CERN) and were confirmed a year later by experiments in Fermilab. However, the Tevatron CDF experiment fixed the preservation of this ratio within errors in the q T range up to 55 GeV/c. Therefore, the LHC data was valuable in order to put an end to this question.
CMS Experiment
The central part of the experimental setup is superconductive magnet solenoid. It is 13 m long and 6 m internal diameter, providing magnetic field of 3.8 T. The magnetic system contains a tracker and calorimetric systems. The tracker system covers the pseudorapidity range |η| 2.5 and includes two types of silicon detectors: a pixel detector and a silicon strip detector. The pixel detector is located near by the beam interaction point and consists of 65 million Individual sensitive elements namely pixel size of 100 × 150 µm grouped by in three layers with radii of 4, 7 and 11 cm. The strip detector is assembled from 10 million silicon strips which are located at a distance up to 130 cm from the beam axis.
The solenoid is surrounded by detector consisted of three types of muon system such as drift tubes in the central part of the CMS (|η| 1.2) cathode strip chambers in the front part (1.9 |η| 2.4) and the resistive plates chambers in the entire range of pseudorapidity of a muon system (|η| 2.4). Joint use of the muon system and the tracker system allows us to measure the transverse muon momentum with a resolution between 1 and 5% for values of transverse momentum up to 1 TeV [6] .
The CMS experiment uses a two-level trigger system. The level-1 trigger, composed of customprocessing hardware, selects events of interest at an output rate of 100 kHz using informationfrom the calorimeters and muon detectors [13] . The high-level trigger (HLT) is software basedand further decreases the event collection rate to a few hundred hertz by using the full eventinformation, including that from the tracker [14] . A more detailed description of the CMSdetector, together with a definition of the coordinate system used and the relevant kinematicvariables, can be found in [4] .
Data Analysis and Event Selection
Both signal and background events were simulated in order to compare the experimental results with the respective predictions of the Standard Model and in order to assess the efficiency of event reconstruction and selection. The signal→ γ * /Z → l + l − process is simulated on the basis of calculations at the NLO of perturbation theory by the POWHEG generator and at the LO by the MadGraph. To test any model dependence in the shapes of the angular distributions two sets of particle distribution functions (PDF) were used for generators above: CT10 for POWHEG and CTEQ6L for MadGraph. The NNLO effects were taken into account on the basis of calculations by the FEWZ generator. Parton showers were simulated on the basis of the PYTHIA generator with the parameters tuned to the LHC data. In addition, the PYTHIA generator was applied to simulate background processes, including the production of WW,WZ, and ZZ pairs, as well as QCD jet production. For other background processes was used MadGraph (W+jet,τ + τ − , and tt) and POWHEG (single t-quark production). The simulation of the subsequent propagation of particles through detector materials relied on the GEANT4 package, which made it possible to take into account special features of the structure of the CMS detector systems.
Dimuons with q T < 200 GeV/c, |y| < 2.1 and invariant mass 81 < m < 101 GeV/c 2 (Z-pike) were selected for analysis, whilst the leading (subleading) muon was required to have q T > 25(10) GeV/c and |η| < 2.1. After the event selection, 4.3×10 6 events with Z boson candidates remain for|y| < 1.0 and 2.5×10 6 events for 1.0< |y| <2.1. Fig. 2 presents the results of measuring the angular coefficients A i and the difference of the coefficients A 0 − A 2 as a function of the Z-boson transverse momentum q T for two rapidity intervals in the muon channel. The MadGraph predictions for A 4 are systematically higher than those of POWHEG and FEWZ because MadGraph uses a weak mixing angle calculated without considering radiative corrections. The measured A 0 and A 2 coefficients agree better with the prediction of MadGraph than with those of POWHEG and FEWZ, especially at high q T . At q T = 0, the POWHEG prediction for A 0 is negative, which is unphysical and has been traced to approximations in the shower matching algorithm. The FEWZ prediction is shown for q T > 20 GeV, where the calculations are considered reliable. We find that A 0 (q T ) and A 2 (q T ) are larger in pp collisions than those measured in pp collisions at the Tevatron. The larger contribution from the qg process in pp collisions at the LHC is responsible for this difference.
Results
It can be seen that as predicted by the standard model, the angular coefficients values increase with the Z-boson transverse momentum and tends to zero at low q T (except A 4 since it is responsible for the forward-backward asymmetry A F B and is non-zero in the leading order (LO) of QCD perturbation theory) because influence of higher orders effects increases with q T .
These results on the statistics of the first LHC session clearly demonstrated the Lam-Tung violation in the q T range up to 200 GeV/c. We find that A 0 > A 2 , especially for high q T . Moreover, size of the violation turned out to be greater than predicted by NNLO calculations. Thus, it remains unclear what causes a residual violation of the Lam-Tung relation -with unaccounted contributions outside the second order QCD or other phenomena (effects from higher orders and QCD twists, as well as the structure of the QCD vacuum reflected in the correlation of parton spins and their non-zero momenta at the initial state). This question should be answered by complex studies including both more accurate measurements on bigger statistics and the development of corresponding theoretical description of physical processes.
These results play an important role in future high-precision measurements, such as the measurement of the mass of the W boson and of the electroweak mixing angle. Some theoretical predictions deviate from the measurements in q T . Further refinements of the theory are needed to achieve a better agreement with the experimental results. 
